Background: Chronic pancreatitis is a debilitating disease presenting with pain, diabetes and steatorrhoea. Surgery offers better long-term pain relief than other interventions, but there is still uncertainty about the optimal surgical procedure and approach and a lack of long-term follow-up data in patients with chronic calcific pancreatitis selected for laparoscopic surgical treatment.
Introduction
Chronic calcific pancreatitis (CCP) is a debilitating disease characterized by recurrent abdominal pain, with gradual loss of gland function leading to exocrine and endocrine failure with steatorrhoea and diabetes. Traditionally, chronic pancreatitis is managed with dietary modifications, pancreatic supplements and analgesia. Invasive interventions are reserved for selected patients with intractable pain or those with local complications. Surgery provides better long-term pain relief than endoscopic interventions 1 . Longitudinal pancreatojejunostomy (Puestow procedure) or with the addition of partial resection of the pancreatic head (Frey's procedure) is the most frequently performed operation for chronic pancreatitis worldwide.
Laparoscopy in the surgical management of chronic pancreatitis is technically challenging. Anatomical landmarks may be difficult to identify as a result of recurrent episodes of inflammation. Tortuosity of the main pancreatic duct, potential for heavy bleeding, and an extended intracorporeal anastomosis can also pose difficulties.
There is limited literature evaluating minimally invasive surgery for this disorder, with a lack of long-term data regarding pain control and gland function 2,3 . This may become increasingly relevant given emerging reports suggesting a role for early surgery in managing chronic pancreatitis for better pain control and preserved gland function 4 .
This study reports a long-term experience in the management of CCP using laparoscopic drainage procedures.
Methods
This study involved a cohort of patients who underwent laparoscopic surgical interventions for unremitting abdominal pain related to CCP between January 2006 and April 2017. Patients whose operations were converted to open procedures were included, except those who underwent head resections for suspected malignant lesions. GEM Hospital and Research Centre is a tertiary-care teaching hospital that serves a local population of 2⋅5 million, with additional referrals from nearby institutions. The annual volume of pancreatic surgeries ranges between 110 and 120 procedures. All operations were performed by two senior authors, with minimum experience of more than 50 laparoscopic pancreatic resections.
Patient selection
Surgical decompression was reserved for patients with intractable pain requiring regular use of opiate analgesia or who had developed local complications. The laparoscopic approach was offered to those with a main duct diameter greater than 7 mm, absence of extensive head calcifications or mass formation within the head of the gland, and a head size of less than 3⋅5 cm (maximum head diameter in any direction) on contrast-enhanced CT, and ASA grade I or II disease. The choice between longitudinal pancreatojejunostomy and a modified Frey's procedure was based on the extent of involvement of the pancreatic head. Patients thought to have predominantly head disease were selected for a modified Frey's operation. Until 2008, only longitudinal drainage was performed by laparoscopy, with the gradual introduction of laparoscopic modified Frey's procedure in selected patients after this date. The terminology and description of the modified Frey's procedure used here has been described previously 5 .
Data collection
The records were obtained from a prospectively developed database for patients undergoing surgical treatment for chronic pancreatitis. Clinicopathological data, operative variables, postoperative morbidity and length of hospital stay were recorded. During follow-up visits, pain scores, types of pain relief (complete or partial), and new onset of pancreatic exocrine and endocrine insufficiency were noted and analysed. After discharge, follow-up visits were scheduled for 7 days, 3 months and 1 year after surgery, then annually. Personal visits were supplemented by telephone interviews.
Definitions
Pancreatic endocrine insufficiency was diagnosed when the fasting glucose level was above 7 mmol/l, requiring treatment for glycaemic control. Biochemical tests were not performed routinely to diagnose exocrine insufficiency, which was considered present if the patient had steatorrhoea requiring oral pancreatic enzyme supplementation 6 . Pain was evaluated using the Izbicki pain score, a validated system for chronic pancreatitis 7 . The score ranges from 0 to 100, based on a visual analogue scale, the frequency of pain, need for analgesic medication and disease-related inability to work. The pain was evaluated using a questionnaire that was completed before surgery and during the follow-up at 1, 3 and 5 years. Relief of pain after surgery was considered partial (Izbicki score of 10 or more after a decrease of over 50 per cent) or complete (Izbicki score of less than 10). Pancreas-specific complications were diagnosed using the International Study Group of Pancreatic Surgery definitions 8, 9 .
Surgical technique
All patients had bowel preparation the day before surgery. Details of laparoscopic longitudinal pancreatojejunostomy have been described previously 10 . The operative steps until the opening of the pancreatic duct from head to tail were A, Umbilical 13-mm port; B, 10-mm right-hand working port; C, 5-mm port for stomach retraction; D, 10-mm left-hand working port; E, 5-mm left-hand working port; F, epigastric port for liver and stomach retraction. the same in both operations (Figs 1 and 2) . For those undergoing the modified Frey's procedure, coring out the head of the pancreas was performed by piecemeal excision of pancreatic parenchyma using ultrasonic shears and bipolar coagulation reinforced with haemostatic sutures. The landmark used to determine the extent of head coring was the posterior wall of the main pancreatic duct (Figs 3-5) . A single, gravity-dependent drain was usually placed near the anastomosis for both procedures.
Postoperative care
Patients were monitored for a minimum of 24 h in a high dependency unit. Oral diet was allowed after the resumption of bowel sounds. On day 3 after surgery, the amylase level in the drain was measured and the drain removed on that day if there was no evidence of a pancreatic leak. Patients were discharged when tolerating solid diet after drain removal.
Statistical analysis
All continuous variables are reported as mean(s. 
Results
Between January 2006 and April 2017, 57 patients were offered laparoscopic surgery for CCP, of whom 39 had a longitudinal pancreatojejunostomy and 15 a laparoscopic modified Frey's procedure. Owing to suspicion of malignancy, the remaining three patients had a Whipple procedure and were thus excluded from the final analysis. The mean age of the 54 patients was 34⋅2(3⋅7) years, and the male to female ratio was 1⋅7 : 1. Most patients were undernourished, with a mean BMI of 24⋅12(0⋅67) kg/m 2 , and tropical pancreatitis was the predominant aetiology (56 per cent). All patients had pain, followed by weight loss (83 per cent), steatorrhoea (48 per cent) and diabetes (41 per cent) ( Table 1) .
Ten of the initial 57 patients had conversion to open surgery (suspected malignancy in head mass, 3; non-identification of the pancreatic duct, 3; intraoperative haemorrhage, 4).
The mean duration of surgery for longitudinal pancreatojejunostomy was 220⋅6(32⋅0) min and that for the Frey's procedure was 271⋅0(18⋅8) min. Mean blood loss in the two groups was 184⋅5(16⋅4) and 290⋅0(34⋅5) ml respectively. Mean duct diameter was 9⋅7(1⋅4) mm. There was a single grade B pancreatic fistula and a single grade A postoperative haemorrhage in each group. Mean duration of hospital was 6⋅4(1⋅1) days for longitudinal pancreatojejunostomy and 7⋅8(1⋅8) days for the modified Frey's procedure ( Table 2) Table 3 ).
Discussion
Experience with laparoscopic surgery for chronic pancreatitis is limited to small case series of longitudinal pancreatojejunostomy and case reports of Frey's procedure 2, 3, 10 . These studies have, nevertheless, confirmed technical feasibility. Identification of the pancreatic duct is the most critical step and may dictate the need for conversion. In the present series, three patients were converted to open surgery as a result of non-identification of the duct.
The predominant symptom of pain was relieved in 89 per cent of patients at 3 years, with only a small loss of efficacy at 5 years (88 per cent) with the two operations used. Slightly better pain relief was achieved in the Frey's procedure group at 1 and 3 years. The extent of head coring may influence pain relief, but modification of head coring can give comparable results to deep head coring 5, 11 . The posterior surface of the pancreatic duct is the only landmark in laparoscopy to determine the safe limit of head coring, so clearing stones in the branches of the uncinate duct may be a technical limitation in laparoscopy.
New-onset endocrine insufficiency was observed in four of 18 patients at 5-year follow-up after longitudinal pancreatojejunostomy, and in two of six patients in the modified Frey's group, comparable to other studies 11 . Exocrine insufficiency affected 29 per cent of patients, but, despite this, more than three-quarters had gained weight after surgery after 5 years of follow-up.
Patients in the present study were generally younger than those undergoing surgery for chronic pancreatitis in the West, with a larger main duct diameter, reflecting aetiology in southern India 12 . Duration of surgery was gradually reduced with the increase in experience, resulting in a mean of 221 min for longitudinal pancreatojejunostomy and 271 min for modified Frey's procedure, comparable to historical open surgery at the authors' institution.
This study is not without limitation. A prospective cohort comprising highly selected individuals, undergoing advanced laparoscopic surgery at a high-volume centre, with no open comparator arm, means these results should not be considered generalizable. Greater experience gained over the ten years of the study may also have influenced outcomes. Nevertheless, the present study has confirmed the feasibility of the laparoscopic approach with results comparable to those for open surgery, providing substantial pain relief and short hospital stays without compromising the principles of operation for CCP. Further insight into the role of surgery in patients with CCP is likely once the results of the ESCAPE trial 13 have been published.
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